. Metallic nanorods doped optical recording media : the use of nanorods as nano-heat sensitizers.
In this study, we demonstrate the gold nanorods can be successfully incorporated into common optical recording media such as phthalo-cyanine, azo-dye, and phase change media, and operate as a nano-heat sensitizers. Since the recording mechanism for optical recording media is optothermal energy conversion, high absorption cross section of gold nanorods tuned at recording laser wavelengths is shown to be extremely useful in nano-heat generation, which facilitate the efficient recording on those media. [DOI: 10.1143/JJAP.46.3952] KEYWORDS: nano-particles, nanorods, optothermal, optical recording, phase change, azo, phthalo-cyanine Metallic nanorods (NR) exhibit fascinating optical properties due to the anisotropic surface plasmon resonances (SPR) -the different conditions for SPRs through the longitudinal and transverse directions of a rod can be manifested in the two strong absorption peaks, typically for gold, one near 520 nm and the other in red to NIR spectrum depending on the aspect ratio of the rod. Recently, the ultrafast laser exposure has demonstrated to be an effective method for shape transformation of the NRs via melting.
1)
The induced shape transformation causes the retuning of the SPR peak, which was the basis for their application to spectrally encoded optical storage.
2) Since metallic NRs have low heat capacity, high absorption cross section and fast electron-phonon and phonon-phonon thermalization, the nanorods can be effectively used as a nano-heat source or sensitizer. Currently various optical recording media such as dyes and phase-change media used in compact disc (CD-R), digital versatile disc (DVD-R, DVD-RW) and super-resolution near-field structure (Super-RENS) disk utilize the optothermal decomposition, isomerization and crystallization, and it is our interest here to introduce the NRs as nanoheat sensitizers in such optical recording media, to enhance recording characteristics.
The Au NRs employed in this report have average width of 20 nm and aspect ratio of 2.5. The NRs are synthesized by the seeded growth method, 3) with hexadecyltrimethylammonium bromide (CTAB) as the only stabilizer. The absorbance spectrum of the NR solution is shown in Fig. 1 , showing the two SPR absorption peaks. The longitudinal SPR peak at $630 nm is tuned to be near the optical recording wavelengths of 658 nm. The absorption cross section of the NRs at SPR condition (i.e., at 630 nm) was measured to be 5 Â 10 À12 cm 2 . For optical recording testing, the NRs are mixed with three different optical recording media, phthlao-cyanine (PC) dyes, azo-type dyes, and phase change media (GST). For dyes, a dilute NR solution (1 nM) is mixed with dye solutions then spin-coated on a dielectric layer protected DVD-R polycarbonate substrate. A reflective Ag layer of 80 nm thickness was then sputter-coated followed by another polycarbonate substrate cured on top. The structures of the samples are shown in Fig. 2(a) . A typical thickness of the NR doped dye layer was 50 nm, measured with absorbance. The NR density on the substrate was on average 100/mm 2 throughout the film and the absorbance spectrum of the dye layer with NR doping showed clear emergence of a peak at 630 nm -the SPR peak of the doped NRs. This SPR peak also preserved its position and width, compared to when it is in a solution, indicating that there are no SPR band coupling between neighboring NRs and no aggregation of NRs present in the layer.
For GST material, again a diluted NR solution was dropcast on a dielectric protected coverslip glass followed by 20 nm of GST recording layer sputter-coated on top. The density of NRs in the film was kept similar to the case of dye layers. The GST layer is then covered by another dielectric layer for protection. The structures of the samples are shown in Fig. 2(b) . For a reference, we also produced another NR doped GST sample with a 20 nm ZnS-SiO 2 dielectric layer separating the NR and GST recording layer, and a GST recording layer without NRs. This reference GST samples In this study, we demonstrate the gold nanorods can be successfully incorporated into common optical recording media such as phthalo-cyanine, azo-dye, and phase change media, and operate as a nano-heat sensitizers. Since the recording mechanism for optical recording media is optothermal energy conversion, high absorption cross section of gold nanorods tuned at recording laser wavelengths is shown to be extremely useful in nano-heat generation, which facilitate the efficient recording on those media. A A Keywords: Azo, Nano-particles, Nanorods, Optothermal, Optical recording, Phase change, Phthalo-cyanine are used to directly compare and identify the effect of NRs in the sample. For optical recording and testing, we employed static recording media tester (Static Media Tester, Toptica) with recording laser wavelength 658 nm and reading at 633 nm. The recording beam was electronically pulsed with pulse width varying from 50 ns to 1 ms, and the power was varied from 1 to 16 mW. During recording, the transient reflectance change on the recorded area was probed with cw reading beam. The reading beam was kept low at 0.6 mW, and was unable to affect the recording layer. The NA of the recording lens was 0.6. The results are summarized in the Fig. 3 . Heat based recording materials such as phthalo-cyanine dye show almost 3 times more sensitive recording when mixed with NRs than by itself [ Figs. 3(a) and 3(b) ]. The temperature analysis showed that at the end of 1 ms pulse with 16 mW power, the NR temperature would increase more than 5 times the temperature of the surrounding dyes, inducing significant changes in material and optical properties of the recording dyes. It is well known that the optothermal decomposition of the dye is the recording mechanism for cyanine-based materials.
4) The role of NRs in this case, as demonstrated, would be to sensitize and enhance the optothermal coupling to the recording media, hence increasing the efficiency and contrast of the recording.
In the case of NR doped azo-type recording media, Figs. 3(c) and 3(d) show recording is impossible when there are NRs present. This could be understood in the fact that the recording mechanism for azo-type media is not based on optothermal decomposition, but rather by trans-cis photoisomerization that causes the birefringence of the recorded region (i.e., absorbance and complex index change).
5)
However, it is interesting to note that the recorded azo-dye molecules in cis form can relax back to trans state thermally. This means that the NRs in the azo-media enhance optothermal erasing of recorded bits, which may be useful in re-writable applications. For example, the p-aminoazobenzene 6) has an absorption peak at 400 nm, but virtually no absorption at 658 nm, hence irradiating at different laser wavelengths could induce re-writable characteristics.
In the phase-change media, the NRs doped GST sample [type 2a, Figs. 3(e) and 3(f)] show much more efficient recording characteristics than the GST by itself, reaching the reflectance change maximum of 14%, compared to 6% without NRs. Since phase change recording mechanism is based on optothermal heating to change its state from amorphous to crystalline, again NRs behaves as a heat sensitizer. A temperature study on NR embedded in GST sample showed that in the case of 500 ns exposure of 2 mW recording pulse, the temperature of NR would be about 17% higher than that of a GST by itself (600 C NR compared to 500 C for GST). This difference in efficiency of the optothermal energy conversion is also beneficial to the speed of the phase change, as can be seen in Fig. 3(e) , the onset time of reflectance increase (i.e., crystallization onset time) in the NR doped GST case ($60 ps) is significantly lower than that of GST sample or NR+GST sample with dielectric layer ($500 ns). This means that the glass transition temperature for crystallization ($430 K) 7) is reached faster for NR doped sample than the others. When the dielectric spacer is in place between the NR layer and GST layer (type 2b), the heat from NR cannot be effectively transferred to the recording media, hence showing lower sensitivity.
In summary, we have demonstrated that metallic NRs can act as nano-heat sensitizers to increase sensitivity in Fig. 2 . NR sample structures used in this study. Type 1 sample is the nanorod embedded in optical recording dye molecules (type 1a:
NR+PC, phthalo-cyanine type, type 1b: NR+Azo, azo type dye), and type 2 is the NR monolayer coated on the phase change material, GST (type 2a, no spacer between NR and GST layers, type 2b: with 20 nm ZnS-SiO 2 spacer layer between the NR and GST layers).
common optical recording media (phthalo-cyanine, azo-dye and phase change media). For the optothermal recording media such as phthalo-cyanine and phase-change media, the NRs show much enhanced efficiency in optothermal energy conversions, hence facilitating the recording with greater sensitivity. For azo-type recording dyes, the NRs could act as an optothermal eraser, because the azo-dyes isomerizes back to the original trans state thermally. The greater recording sensitivity of the optothermal recording media is highly desirable for practical applications. Not only can it reduce the recording power, the recording of super-resolution bits can also be achieved at a smaller power. Furthermore, the scattering of near-field generated at subdiffraction limited spots should also be enhanced by NRs. The sharp SPR condition at recording wavelengths are possible due to its geometry, enhancing the low scattering efficiencies of the off-resonant SPR conditions of Ag 8) or Pt nanoparticles used in the current cases. 9) Authors would like to thank Australian Research Council, Australian Academy of Science and National Science Council of Taiwan for their financial support for this project.
